Abstract-This paper describes a data acquisition system developed to solute the problem of different data acquisition modules communication in ubiquitous industrial environment. The system can allow faster reconfiguration of plant-floor networks as applications change. It can achieve higher throughput, lower average message delay and less average message dropping rate in wireless communication. The development of a data acquisition system for rotogravure printing press in ubiquitous industrial environment also is reported. It illustrates that the system can perform well in industrial application.
I. INTRODUCTION
Wireless networks have been under rapid development during recent years. Types of technologies being developed to wireless personal area network for short range, point-to multi-point communications, such as Bluetooth and ZigBee [1] . The application of wireless technology for industrial communication and control systems has the potential to provide major benefits in terms of flexible installation and maintenance of field devices and reduction in costs and problems due to wire cabling [2] .
Wireless communications from machine to machine greatly enhance automation of an industrial system. Ubiquitous industrial environment is coming and allows the engineers to acquire and control the real-time data of wireless networks of the factory at anytime anywhere [3] .
A key issue currently limiting ubiquitous industrial environment development involves compatibility among components in industrial environment from different suppliers, generally referred to as interoperability. Full compatibility among components would also provide end users with the flexibility to connect highly specialized, high-end sensors with best-in-class wireless interface devices [4] .
Interoperability in ubiquitous industrial environment This paper addresses the MPCS protocol to solute this problem. MPCS is the abbreviation of MODBUS for Producer/Consumer Services. MPCS protocol applies ZigBee as wireless protocol among wireless nodes. The core of MPCS is to use the MODBUS protocol without polling to carry industrial equipments protocol. MODBUS protocol is applied to an electronic controller on the lingua franca. The most important is the protocol also must be supported by typical DAMs. But most of the industrial monitoring systems adopt fixed period polling with less consideration about dynamic period in using MODBUS. So in ubiquitous industrial environment, the MODBUS protocol cannot satisfy the latency requirement of wireless protocol and it cannot guarantee the real-time monitoring of industrial environment conditions. And the polling method of MODBUS adds extra loads and burdens the wireless channel. The MPCS protocol changes the polling mechanism of MODBUS and the slave equipments can send the messages by themselves periodically without receiving query command from the master equipment.
MPCS protocol applies ZigBee as wireless protocol among wireless nodes and MODBUS with sending message periodically as industrial monitoring protocol. Experiment shows that the combination of MPCS and ZigBee is a good way to solute the interoperability in ubiquitous industrial environment. MPCS has the advantages in saving bandwidth and lightening servers' This paper first introduces the data acquisition system for rotogravure printing press in ubiquitous industrial environment. Secondly ZigBee and ZigBee gateway design are discussed. Thirdly it introduces MPCS protocol in different DAMs. There is an experiment to test MPCS protocol on rotogravure printing press monitoring system in this section. Finally it is a conclusion.
II. SYSTEM OVERVIEW
Wireless sensors provide the network with the ability to reconfigure on the fly without being tied down by signal cables. The goal of the system is to implement such a network using DAMs connected by Zigbee transceivers to a central computer that interfaces with a database accessible. The three major components consist of different kinds of DAMs, CC2530 Low Power Transceivers for ZigBee, and the SCADA software hosted on the central computer. A block diagram of the high level design is provided in Fig. 1 below.
There are DAMs in this system, including three modules of ADAM-4011(thermocouple input module) and three modules of ADAM-4012(analog input module).
ADAM-4011 and ADAM-4012 use MODBUS protocol. One ADAM-4011 module records dryer air temperature of a color unit. One ADAM-4012 module logs tension of a color unit. All DAMs collect data from the industrial machinery and transmit them in MODBUS format to ZigBee gateway in which data are processed. ZigBee gateway packs data according to the ZigBee protocol, and transmits them to via radio. Finally, data are transmitted to ZigBee gateway of the central computer. At the central computer, incoming data from ZigBee gateway of it are received and processed by the SCADA software which is developed in Kingview [5] .
Rotogravure printing press consists of paper web unwinder, infeeding unit, rotogravure printing units, outfeeding unit, and paper web rewinder. In the rotogravure printing process, a web from a continuous roll is passed over the image surface of a revolving gravure cylinder.
The printing images are formed by many tiny recesses engraved into the surface of the gravure cylinder. The cylinder is about one-fourth submerged in a fountain of low-viscosity mixed ink. The mixed ink is picked up by the cells on the revolving cylinder surface and is continuously applied to the paper web. After impression is made, the web travels through an enclosed heated air dryer to evaporate the volatile solvent. The web is then guided along a series of rollers to the next printing unit [8, 9] . Fig. 2 shows the structure of rotogravure printing press in out application.
III. ZIGBEE
Wireless sensors provide the network with the ability to reconfigure on the fly without being tied down by signal cables. The goal of the system is to implement such a network using DAMs connected by Zigbee transceivers to a central computer that interfaces with a database accessible. The three major components consist of different kinds of DAMs, CC2530 Low Power Transceivers for ZigBee, and the SCADA software hosted on the central computer. A block diagram of the high level design is provided in Fig. 1 .
A. ZigBee in Industrial Environment
There are thousands of devices in a factory, such as, DAM, HMI, IPC, smart sensor, and so on. ZigBee is focused on control and automation. ZigBee standards have a characteristic of "three low" of low electricity consumption (year's cell life), low cost (less than $5) and low data rate (250 Kb/s) [6] [7] . ZigBee works with small packet devices and supports a larger number of devices and a longer range between devices than other technologies. ZigBee devices can form mesh networks connecting hundreds to thousands of devices together. Devices use very little power and can operate on a cell battery for many years. In timing critical applications, such as industrial application, ZigBee is designed to respond quickly. ZigBee is a good wireless technology in industrial application.
B. ZigBee Gateway Designation
The ZigBee gateway is based on the CC2530 Systemon-Chip, which combines a RF transceiver with an industry-standard enhanced 8051 MCU, in-system programmable flash memory, 8-KB RAM, and other powerful peripherals. The gateway which connects the central computer operates as the coordinator and the gateway that connects a DAM runs as the router in ZigBee network. Because of large acquired data, these gateways includes 512KB RAM as the data buffer. Fig. 3 is the architecture of coordinator gateway. This gateway consists of CC2530, SP3220E devices, external RAM and some interfaces. Fig. 4 is the architecture of router gateway. This gateway consists of CC2530, SP485E devices, external RAM.
Because a computer has a UART interface and the interface usually is RS-232. But UART of CC2530 is TTL, so RS232-TTL conversion is done with a SP3220E chip. And a DAM has a UART interface which is RS-485, so RS485-TTL conversion is done with a SP485E chip.
ZigBee gateway allows device containing UART to communicate via radio with other devices. Each device connects to ZigBee gateway. In this system, six ZigBee gateways provide the radio communication link.
When the ZigBee gateway is used in an application, it is assumed that a permanent power source will be available at both ends of the wireless link. This means the on-chip radio can always be active, eliminating the need to synchronize the transmission/reception of data. The link is designed to operate at up to 19200 baud.
The ZigBee gateway of PC must act as a PAN Coordinator. The PAN Coordinator is responsible for starting the network and allocating an address to the other gateway, which acts as a Router. Fig. 5 is the program flow chart of PAN Coordinator.
The ZigBee gateway of DAM acts as a router device. The router device scans the radio channels, looking for the PAN Coordinator. Once it has found the Coordinator, it associates with it. Data transfer between radio and the on-chip UART is identical to that described above. Data received via the radio is output to the connected device using the on-chip UART, and data received by the onchip UART from the device is transmitted over the radio. This process is repeated every 20ms. Fig. 6 is the program flow chart of Router.
IV. COMMUNICATION PROTOCOL
The communication protocol between the central computer and DAMs is MPCS. MPCS is important to have a protocol at the application layer that allows DAMs to take advantage of producer/consumer services. Using producer/consumer, the data "producer" which is a DAM, puts the PAN Coordinator ID at the front of each packet. The message is then sent out of the network and the Coordinator screens the ID to determine if the data is for its consumption. If so, the Coordinator becomes the "consumer." As a result, multi-cast communication happens naturally and efficiently in a producer/consumer service.
MODBUS is designed for source/destination communication or master/slave model. MPCS, however, joins forces with producer/consumer technology to offer a superior message-delivery mechanism of MODBUS. MPCS supports all of the major communication relationships of MODBUS. MPCS is a flexible protocol and results in efficient use of bandwidth.
MODBUS-compliant devices are common in industrial application. Users can achieve MODBUS by device's In this data acquisition system for rotogravure printing press, MODBUS is internal standard of Advantech DAM. To verify the performance and interoperability of MPCS protocol, we do a test of the system in this section. The monitoring period of control center is 1 second. The DAMs are distributed among 30 meters distance. Table 1 shows the result of the test. Six DAMs send 2000 packets relatively and the central computer records these packets. Basically, the test results are satisfied, and the MPCS protocol are suitable in non-critical industrial environment [10] [11] [12] [13] .
V. SUPERVISORY SOFTWARE DESIGN
Supervisory software is built on Kingview. Kingview is a kind of HMI/SCADA software with abundant functions. Kingview provides integrated development 
A. System Administration Module
System administration module consists of administrator logging in, password setting, user administrating. The part of administrator logging in is to restrict the operation of users. The part of code setting is to provide all the users to modify their own code. The part of which can only be operated by administrator is to provide the detail information of users and give or repeal the administration right to some users. According to requirement analysis, the system should divide all the users to three parts, and allow them to have different operations. The administrator can administrate all the users; browse all pictures and data in supervisory software. They are the top tier. Engineers have similar power of administrator except user administrating, so they are the middle tier. Operators can only browse given pictures on the industrial computer and they cannot get the running data of rotogravure printing press. Fig. 8 is the main program interface of this data acquisition system on central computer [14] .
B. Database Module
The database module is the core of the whole system, in which the rule searching is carried out. Authorized users can read real time data in dynamic report forms. Meanwhile data will be recorded in database. Nobody can modify information in the database. Authorized users can browse all history data in static report forms. All report forms can be printed. Fig. 9 shows some temperature data of dryer air and tension data recorded by this system [15] [16] [17] [18] .
C. Extension Module
The extension module makes the query result of database can be displayed graphically in curves. User also can print the curves and the query result. Fig. 10 is the curves of some temperature data about dryer air.
VI. CONCLUSION
The design and implementation of a ubiquitous data acquisition system for rotogravure printing press is discussed and presented for industrial monitoring system. Tests are carried out to determine system performance for both the instrumentation and maintenance applications, and as the results are quite satisfactory. The results show the performance and interoperability for the wireless data acquisition system is good enough for some monitoring and non-critical instrument systems.
Further efforts are necessary to improve reliability of sensor nodes, security, and standardization of interfaces and interoperability. In addition, further studies are necessary to improve the protocol's functionality by checking the impact of the mobility of sensor nodes.
